A large amount of information has been accumulated on the base compositions of desoxyribonucleic acid (DNA) and it has been shown in bacteria that there exists a wide variation in the mean DNA base composition.
LEE et al.
(1) pointed out that phylogenetic relations are reflected in the mean GC (guanine plus cytosine) content and that closely related microorganisms often show similar base composition. Several such examples have been discussed (2, 3, 4, 5) . If we follow the current concept of biochemical genetics, it should eventually be reasonable to refer to the DNA base composition in classifying some species of bacteria.
During the course of studies on the microflora in assorted chicken feed, the authors (6) have isolated an unusual strain of lactic acid bacteria which could not be classified into any of the genera hitherto described. A proposal, therefore, was made to erect a new subgenus Sporolactobacillus in Lactobacillaceae and to name this strain Sporolactobacillus (Lactobacillus) inulinus nov. sp.. In the present investigation, by comparative studies on the base composition in DNA of S. inulinus and other lactic acid bacteria, the authors would like to discuss the relationship between GC content in DNA and phenotypic characteristics which are employed in ordinary classification.
MATERIALS AND METHODS

Cultures.
All strains used came from stock cultures (collections) maintained at this laboratory.
Each of them was grown at its optimal growth temperature in a broth containing 2 per cent of glucose, 2 per cent of sodium acetate, 1 per cent of poly-peptone, 0.5 per cent of sodium chloride and variable amounts of meat extract and yeast extract according to the property of each bacterial strain.
The cells were harvested at an early stage of stationary phase. Isolation of DNA. DNA was isolated from the cells of each strain by a modification of the method of MARMUR (7) or an alkaline hydrolysis method that was developed by the authors.
1. Modification of the method of MARMUR The harvested cells (about 10 g wet weight) were washed twice with standard saline citrate (SSC ; 0.15 M NaCI plus 0.015 M Na citrate, pH 7.0), 305 VoL. 10 suspended in a total volume of 40 ml of SSC and were lysed by adding approximately 40 mg of lysozyme and incubating the suspension at 37° for 60 min. After the cells had lysed, 7 ml of 25 per cent sodium lauryl sulfate was added, and the suspension was heated at 60° for 10 min. To give a final concentration of 2 M appropriate amounts of 5 M NaCI were added. From this point on, the procedure followed the steps outlined by MARMUR. Final DNA preparations were dialysed against distilled water and then lyophilized.
2. Alkaline hydrolysis method The harvested cells (about 10 g wet weight)
were washed twice with saline-EDTA (0.15 M NaCI plus 0.1 M ethylenediaminetetraacetate, pH 8.0), suspended in a total volume of 25 ml of saline-EDTA and were exposed to sonic oscillation (10 kc) for 10 min. The resulting sonicate was centrifuged at 3,000 x g for 5 min to remove the intact cells and debris.
To the supernatant obtained was added 2 ml of 25 per cent sodium lauryl sulfate and the mixture was placed in a water bath at 60° for 10 min. After the concentration of sodium chloride was adjusted to 2 M by adding 5 M NaCI solution, the mixture was shaken with an equal volume of chloroformisoamylalcohol (24 :1) for 15 min. The resulting emulsion was separated into 3 layers by 10 min centrifugation at 3,000 >< g. The nucleic acids were precipitated by pouring the upper layer into two volumes of ethyl alcohol, collected by centrifugation at 3,000 x g for 30 min, suspended in small amounts of 1 N KOH and then incubated at 37° for 16 hr. The suspension was dialysed against SSC for several hours and the nucleic acids were again precipitated with ethyl alcohol and collected by centrifugation. Alkaline hydrolysis was repeated and the final suspension was dialysed against distilled water and lyophilized.
The alkaline hydrolysis method is summarized in Fig. 1 . Analytical procedures.
Ease compositions of DNA were determined by descending paper chromatography with the hydrolysates by perchloric acid.
Samples of approximately 5 mg were hydrolysed with 0.1 ml of 70 per cent perchloric acid at 100° for 2 hr (8). Chromatography was carried out on sheets of Toyoroshi No. 51A filter paper with the isopropanol-HCl-H20 mixture as the solvent system described by WYATT (9). The bases were eluted with 0.1 N HC1 from the paper-strip and were quantitated according to the method of BENDICH (10). All values of the molar proportions of the four bases in the Tables are based on two or more replicate sets of spots on the chromatogram.
Total phosphorus in the hydrolysates was estimated as described by NAKAMURA (11).
Ribonucleic acid as contaminant in DNA preparations was examined by ascending paper chromatography.
Samples of approximately 10 mg were hydrolysed in sealed tubes with 0.1 ml of 1 N HCl at 100° for 1 hr. Appropriate amounts of hydrolysate were chromatographed and detected for ribose as described by KIRBY (12). Table 1 , it was found that both methods, namely, the modification of MARMUR'S method and the alkaline hydrolysis method are applicable for the procedure of DNA isolation for the comparative study on the base ratio of DNA, because the preparations obtained by both methods gave very close values of base composition.
RESULTS
As shown in
In Table 2 are summarized the base compositions of DNA isolated from several lactic acid bacteria.
As for most preparations the molar proportions of adenine/thymine and of cytosine/guanine are close to unity, as would be expected.
However, composition of DNA in Leuconostoc mesenteroides and a few species, especially heterof ermenters deviated from the rule of base pairing. As shown in Table 3 , further analyses on L, mesenteroides DNA gavt similar results.
Bases other than the ordinary four could not be detectec on the paper-strip. The low recovery of bases per phosphorus in thf hydrolysate was apparently caused by the presence of phosphorus containin€ impurities.
The reason why such deviation occurred is still obscure.
DISCUSSIONS
In Table 4 are summarized the values of GC content of bacterial DNA. Those values in Bacillus and Clostridium compiled in their paper of MARMUR et al. (13) are also included in this table.
The broad range of GC-distribution in lactic acid bacteria suggests the multiplicity of their origins. It is also interesting to note that the distinctions of spherical to rod forms and h.omo-to heterof ermenters in lactic acid bacteria are recognizable in the DNA base compositions, namely, values of GC content in spherical forms are generally lower than rod forms and those in heterof ermenters generally higher than homof ermenters.
As described previously (6), Sporobactobacillus inulinus is mesophilic, catalase-negative, microaerophilic, motile and spore-forming and produces D(-)-lactic acid through homof ermentative pathway. If motility and spore-forming ability of S. inulinus should be ignored, it would be considered to be included in the category of Lactobacillaceae and to agree with Lactobacillus leichmannii, a mesophilic D(-)-lactic acid forming homofermenter, except for minor differences. On the other hand, Clostridium is the only genus thus far known to include catalase-negative and spore-forming bacteria.
The biochemical properties of S, inulinus, however, are entirely different from those described for Clostridium.
In Table 4 , S. inulinus has a value of GC content similar to that of as the type species of the subgenus, as proposed by the authors in a previous paper (6).
In Fig. 2 
